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Fig. 1?A) Picture and schematic illustration of the T-shape filtered deposition system. 
The surface of CoCr is covered with diamond like carbon (DLC).The droplet is separated and the substrate is coated by only the carbon
ion.  B) Ternary phase diagram in amorphous carbon-hydrogen alloys. DLC is composed of sp3 (diamond structure), sp2 (graphite
structure) and H (hydrogen). The behavior of DLC varies according to the ratio of these components. The DLC in this study contains no













Ta-C,  The type of DLC in this study;  T-FAD,  T-shape filtered 
arc deposition system (Fig. 1.),  Bias,  The electrical voltage 
between substrate (CoCr) and target (graphite);  sp3, carbon-
carbon bond in diamond. sp2 is carbon-carbon bond in graphite.
Table 1?Physical properties of DLC films
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Fig. 2?
A) Schematic illustration of the whole of the pin on disc-type friction testing machine.  B) Picture and schematic illustration of the sliding
part of the pin on disc-type friction testing machine. The part framed by dotted line in Fig. 2 A).
The lubricant was kept at 37?. The sample was removed from lubricant bottle.
Fig. 3?A) Schematic illustration of hip simulator.
The left figure shows an appearance of hip simulator. The right figure shows the cross section on the A-A plane.  B) Loading condition of
hip simulator. X-axis means cycles in both graph. Y-axis means angle of femoral movement (deg.) in the left graph, and means applied
force (kN) in the right graph. ? The curve shows flexion and extension. Plus means flexion. Minus means extension. ?? The curve
shows rotation. Plus means inward rotation. Minus means outward rotation.
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4 ???????
Fig. 4?Comparison of frictional coefficient in pin on disc friction
test.
The error bars show standard deviation. ?p=3.03? 10?56,
??p=1.82?10?55, ???p=0.313.
Fig. 5?Comparison of wear volume in pin on disc wear test.
Fig. 6?Comparison of Co ion concentration in pin on disc wear
test.
The error bars show standard deviation. ?p=3.12? 10 ?9,
??p=2.97?10?9, ???p=1.29?10?11.
Fig. 7?Comparison of Cr ion concentration in pin on disc wear
test.
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Fig. 8?Worn surface of the CoCr pin (CoCr/CoCr) at sliding distance 10.8km.  A) SEM micrograph. White arrow shows sliding direction.
White arrow head shows a particle buried in the pin surface.  B) Elemental analysis of the particle (white arrow head in SEM micrograph).
X-axis means element-specific X-ray energy [keV]. Y-axis means X-ray intensity [arbitrary unit].  ?Oxygen,  ??Cobalt,  ???Chromium.
Fig. 9?Worn surface of the CoCr pin (CoCr/DLC) at sliding distance 8.6km.  A) SEM micrograph. White arrow shows sliding direction.
White arrow head shows a particle buried in the pin surface.  B) Elemental analysis of the particle (white arrow head in SEM micrograph).
X-axis means element-specific X-ray energy [keV]. Y-axis means X-ray intensity [arbitrary unit].  ?Carbon, ??Cobalt, ???Chromium.
???????? (?10)????????????Co,
18.05mg/L; Cr, 0.130mg/L (CoCr/CoCr): Co, 4.89mg/L;
















































Fig. 10?Comparison of wear volume in hip simulator wear test.
Black segment of the column shows wear volume of the head,
and gray segment of the column shows wear volume of the
shell.
Fig. 11?Comparison of Co ion concentration in hip simulator
wear test.
The error bars show standard deviation. ?p=1.37?10?12.
Fig. 12?Comparison of Cr ion concentration in hip simulator
wear test.
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Abstract
The use of metal on metal (MoM) devices in total hip arthroplasty has numerous advantages, including low wear volume,
but one problem is the release of metal ions from wear particles. Therefore we performed an experimental investigation of
how well various engineered surfaces decreased wear volume and metal ion release. The first test was with a pin on disc-type
friction testing machine. A cobalt-chromium alloy (CoCr), CoCr coated with diamond like carbon (DLC), and Delta ceramic
were the materials of the bearing surfaces. The pin/disc pairing was CoCr/CoCr, CoCr/DLC, DLC/DLC, and Delta
ceramic/CoCr. For each pairing, we measured the friction coefficient, wear volume of the pin, and metal ion concentration in
the simulated joint fluid solution. Also, a wear test was performed with the hip simulator in a similar simulated joint fluid for
each head-shell pairing (CoCr/CoCr, DLC/CoCr, and Delta ceramic/CoCr). In the pin on disc wear test, the friction coefficient
decreased in order of Delta ceramic/CoCr, CoCr/CoCr, CoCr/DLC and DLC/DLC. The wear volume of the pin decreased in
order of CoCr/CoCr, DLC/DLC, CoCr/DLC and Delta ceramic/CoCr. The Co ion concentration decreased in order of
CoCr/CoCr, Delta ceramic/CoCr, CoCr/DLC and DLC/DLC. The Cr ion concentration decreased in order of Delta
ceramic/CoCr, CoCr/CoCr, DLC/DLC and CoCr/DLC. In the wear test with the hip simulator, the DLC coating of CoCr/DLC
flaked early. At 1 million cycles, the wear volume in Delta ceramic/CoCr decreased to approximately one-third as compared
with CoCr/CoCr. Also, metal ion concentrations decreased to one-third or less in Delta ceramic/CoCr as compared with
CoCr/CoCr. In the pin on disc wear test, the DLC coating reduced both the wear of the CoCr alloy and metal ion release.
However, in the wear test with hip simulator, the DLC coating flaked. In contrast, the pairing of Delta ceramic/CoCr reduced
wear volume and metal ion release in the hip simulator. 
